Alcohol exposure during the brain growth spurt promotes hippocampal seizures, rapid kindling, and spreading depression.
Epilepsy is a prominent sign of brain dysfunction and a cause of substantial disability in some children with fetal alcohol syndrome. The hippocampal formation is vulnerable to alcohol-induced pathologic changes and is the source of seizure activity in a variety of epileptic conditions. This study tests the hypothesis that developmental alcohol exposure facilitates epileptic activity and promotes kindling within hippocampal circuitry. Rat pups received either a moderate dose (2.0 g/kg) or a high dose (3.75 g/kg) of alcohol via intragastric intubation over postnatal days 4 to 10. Intubated control and suckle control groups were also included. Upon reaching adulthood (postnatal days 85-100), the rats underwent electrophysiologic testing. A double-barrel potassium-sensitive microelectrode was placed into the right dentate gyrus stratum granulosum for the recording of extracellular field potential and extracellular potassium concentration. Stimuli were delivered via an electrode positioned in the CA3 subregion of the left hippocampus. To assess whether alcohol promotes hippocampal seizures and rapid kindling, the parameters of maximal dentate activation (MDA) were measured before, during, and after a series of stimulation-induced seizures. Developmental exposure to the high dose of alcohol permanently altered several parameters of MDA. Time to onset of MDA and stimulus threshold for afterdischarge production were both decreased, whereas the duration of the afterdischarge was increased. Although the moderate alcohol dose reduced time to onset of MDA, it did not affect any other MDA parameters. Over the course of the repeated induced seizures, spreading depression occurred more often and with fewer stimuli in the high-dose alcohol group than in any other group. The series of repeated electrographic seizures induced rapid kindling in all of the treatment groups. However, the kindling effect was enhanced in a dose-response manner by the previous alcohol exposures. These findings demonstrate that exposure to alcohol during brain development can permanently alter the physiology of the hippocampal formation, thus promoting epileptic activity, enhancing kindling, and facilitating spreading depression. The relative roles of alcohol intoxication and withdrawal in these abnormal physiologic responses remain unknown.